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Technical Bulletin Medical 296 Technical Bulletin Medical 296 (TB MED 296)(TB MED 296)

• MRICD Internet Site:

http://usamricd.apgea.army.mil/

• Under Related Information:

– TB MED 296: Analytical techniques to detect exposure 

to toxic chemical agents in urine or blood samples.

– SOP for Biomedical Samples: Standard operating 

procedure for obtaining, handling, and shipment of 

biomedical samples.
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CW Agent/Degradation CompoundCW Agent/Degradation Compound Method Method 

Sulfur Mustard (HD)/TDGSulfur Mustard (HD)/TDG GC/MS             GC/MS             

SarinSarin (GB)/IMPA(GB)/IMPA GC/MS             GC/MS             

Soman Soman (GD)/PMPA(GD)/PMPA GC/MS             GC/MS             

CycloCyclo--Sarin Sarin (GF)/CMPA(GF)/CMPA GC/MSGC/MS

Cholinesterase InhibitorsCholinesterase Inhibitors ColorimetricColorimetric

Cyanide (CN)Cyanide (CN) ColorimetricColorimetric

Technical Bulletin Medical 296 Technical Bulletin Medical 296 (TB MED 296)(TB MED 296)



Plasma

Protein/Albumin

phosphylatedphosphylated tyrosine tyrosine 

release of bound hydrolysis    release of bound hydrolysis    fluoride  reactivation offluoride  reactivation of

products (IMPA, MPA)    products (IMPA, MPA)    phosphylatedphosphylated BuChEBuChE

Human Exposure to OP Nerve AgentsHuman Exposure to OP Nerve Agents
Where do we look?  What do we look for?Where do we look?  What do we look for?

UrineUrine BloodBlood

Reactions of OP’s with:

H2O

GB GB > > IMPAIMPA

GD GD > > PMPAPMPA

GF GF > > CMPACMPA

Reactions of OP’s with:

RBC Plasma/Serum  

AChE BuChE            

measure  inhibition level of measure  inhibition level of 

AChE and/or AChE and/or BuChEBuChE

TissueTissue
release of bound             release of bound             

Reactions of OP’s with Tissue AChE hydrolysis products hydrolysis products 
(IMPA, MPA)(IMPA, MPA)

EMPAEMPA

EDMPAEDMPA

H2O

IMPAIMPA

PMPAPMPA

CMPACMPA
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Cholinesterase InhibitionCholinesterase Inhibition
TB MED 296TB MED 296

•• RBC RBC AChEAChE, Plasma , Plasma BChEBChE

•• 10 10 µµLL of blood, finger prickof blood, finger prick

•• Colorimetric AssayColorimetric Assay

•• Field Portable SystemField Portable System

•• TestTest--Mate Kit (Patrick Mate Kit (Patrick EberlyEberly -- EQM Research)EQM Research)



OP Hydrolysis ReactionsOP Hydrolysis Reactions
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•• Analysis for IMPA, PMPA, CMPAAnalysis for IMPA, PMPA, CMPA

•• Deuterated Deuterated IMPA and PMPA for Internal Std.IMPA and PMPA for Internal Std.

•• 1 cc urine, SPE cartridge cleanup1 cc urine, SPE cartridge cleanup

•• Derivatization Derivatization using PFBusing PFB--BrBr

•• Analysis using Electron Impact GC/MSAnalysis using Electron Impact GC/MS

•• Selected Ion Monitoring, low Selected Ion Monitoring, low ngng/ml sensitivity/ml sensitivity

Analysis of OP Hydrolysis CompoundsAnalysis of OP Hydrolysis Compounds
TB MED 296TB MED 296
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Animal: rat

Agent: GB, GD, GF

Dose: 75 µg kg-1 (sub-lethal)

Admin. route: subcutaneous

M.L. Shih, J.D. McMonagle, T.W. Dolzine, & 
V.C. Gresham,

J Applied Toxicology 14 (3), 195-199 (1994)

Urinary Excretion (% dose) of GB, GF, and GD Hydrolysis CompoundUrinary Excretion (% dose) of GB, GF, and GD Hydrolysis Compounds vs. Times vs. Time

Analysis of OP Hydrolysis CompoundsAnalysis of OP Hydrolysis Compounds
TB MED 296TB MED 296
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Analysis of OP Hydrolysis CompoundsAnalysis of OP Hydrolysis Compounds

•• W.J. W.J. DriskellDriskell, L.L. Needham, D.B. Barr (CDC) & M.L. , L.L. Needham, D.B. Barr (CDC) & M.L. 

Shih (MRICD)Shih (MRICD)

•• Urinary metabolites of GA, GB, GD, GF, and VXUrinary metabolites of GA, GB, GD, GF, and VX

•• Isotope dilution GC/MSIsotope dilution GC/MS--MSMS

•• Derivatization Derivatization using diazomethaneusing diazomethane

•• Single Reaction Monitoring, low Single Reaction Monitoring, low ngng/ml sensitivity/ml sensitivity

•• J. Analytical Toxicology, Jan/Feb 2002J. Analytical Toxicology, Jan/Feb 2002
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Analytical Approach:Analytical Approach:

•• Incubate sample with 0.7 M KF at 40Incubate sample with 0.7 M KF at 40ººCC

•• C18 solid phase extraction cartridgeC18 solid phase extraction cartridge

•• Elute analyte from cartridge using ethyl acetateElute analyte from cartridge using ethyl acetate

•• Dry Dry eluenteluent

•• GCGC--MS analysis in SIM mode MS analysis in SIM mode 

•• M. M. PolhuijsPolhuijs, J.P. , J.P. LangenbergLangenberg, & H.P. , & H.P. BenschopBenschop, , 
ToxicolToxicol. . ApplAppl. . PharmacolPharmacol. 146 (1997). 146 (1997)

Analysis of Analysis of PhosphylatedPhosphylated ProteinsProteins
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Analysis of Analysis of Phosphylated Phosphylated Plasma ProteinsPlasma Proteins
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Analysis of Analysis of PhosphylatedPhosphylated Plasma ProteinsPlasma Proteins

Animal: guinea pig

Agent: GD

Dose: 0.2 LD50
(M-F x 4 weeks)

Admin. route: 
subcutaneous

Sample: plasma 
(collected 72 hours 
after last GD dose)
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Analysis of Analysis of PhosphylatedPhosphylated Tissue ProteinsTissue Proteins
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Analysis of Analysis of PhosphylatedPhosphylated Plasma ProteinsPlasma Proteins

Animal: guinea pig

Agent: GB,GF

Dose: 1 x LD50

Admin. route: 
subcutaneous

Sample: plasma

Number: each data 
point average of 8 
samples
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Wednesday Poster PresentationsWednesday Poster Presentations

Time Course of the Nerve Agents Time Course of the Nerve Agents Sarin Sarin (GB) and (GB) and Cyclosarin Cyclosarin (GF) (GF) 

in Plasma and Kidney of Exposed Guinea Pigsin Plasma and Kidney of Exposed Guinea Pigs

B.R. B.R. CapacioCapacio, J.R. Smith, B.E. , J.R. Smith, B.E. DusickDusick, W.D. , W.D. KorteKorte,,

J.H. McDonough, and T.J.H. McDonough, and T.--M. ShihM. Shih



Human Exposure to Sulfur Mustard (HD)Human Exposure to Sulfur Mustard (HD)
Where do we look?  What do we look for?Where do we look?  What do we look for?

UrineUrine BloodBlood

SkinSkin

Fatty TissueFatty Tissue

HairHair

Reactions of HD with:

H2O

TDGTDG

UnreactedUnreacted HDHD

Reactions of HD with:

RBC’s Plasma DNA

NN--terminal terminal valinevaline Alkylated cysteinesAlkylated cysteines N7N7--guanineguanine

of  hemoglobinof  hemoglobin of albuminof albumin adduct      adduct      

Alkylated histidinesAlkylated histidines Free carboxylic acidFree carboxylic acid

of  hemoglobinof  hemoglobin sites of proteinssites of proteins

Reactions of HD with:

DNA N7N7--guanine adductguanine adduct

Keratin Alkylated glutamic Alkylated glutamic &  &  aspartic aspartic acidsacids

Glutathione DNA

cysteinecysteine conjugates conjugates N7N7--guanine guanine 

TDGSOTDGSO adductadduct

ßß--lyaselyase metabolitesmetabolites



Hydrolysis and OxidationHydrolysis and Oxidation
of Sulfur Mustardof Sulfur Mustard
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•• Analysis for TDGAnalysis for TDG

•• Deuterated Deuterated TDG for Internal StandardTDG for Internal Standard

•• 1 cc urine sample 1 cc urine sample 

•• Derivatization Derivatization using HFBAusing HFBA

•• Analysis using Electron Impact GC/MS Analysis using Electron Impact GC/MS 

•• Selected Ion Monitoring, lowSelected Ion Monitoring, low ngng/ml sensitivity/ml sensitivity

Analysis of an HD Hydrolysis CompoundAnalysis of an HD Hydrolysis Compound
TB MED 296TB MED 296
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Analysis of an HD Hydrolysis CompoundAnalysis of an HD Hydrolysis Compound
TB MED 296TB MED 296

E.M. Jakubowski, F.R. Sidell, R.A. 
Evans, M.A. Carter, J.R. Keeler, J.D.
McMonagle, A. Swift, J.R. Smith, & 

T.W. Dolzine, 

Toxicology Methods 10, 143-150 
(2000)

ThiodiglycolThiodiglycol Urinary Excretion following an Accidental Human HD ExposureUrinary Excretion following an Accidental Human HD Exposure

days



Human Exposure to Sulfur Mustard (HD)Human Exposure to Sulfur Mustard (HD)
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Analysis of HD Adduct of Analysis of HD Adduct of Globin Globin 
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•• Method successfully reproduced at MRICDMethod successfully reproduced at MRICD

•• GC/MS method using negative ion chemical GC/MS method using negative ion chemical 
ionizationionization

•• Reproducibility and sensitivity of assay (100 Reproducibility and sensitivity of assay (100 nMnM)          )          
were similar as to those achieved at the TNOwere similar as to those achieved at the TNO
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PayoffsPayoffs

•• Benefits to theBenefits to the warfighterwarfighter::

–– Increased chance of verifying lowIncreased chance of verifying low--level incidentlevel incident

–– Extend time period: from CW event       to Extend time period: from CW event       to 
collection of  biomedical samplecollection of  biomedical sample

•• Benefits to the Benefits to the ChemChem--DemilDemil community:community:

–– Occupational health surveillance of military, Occupational health surveillance of military, 
civilian, & contractorcivilian, & contractor
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PayoffsPayoffs

•• CW Treaty Compliance:CW Treaty Compliance:

–– DTRA DTRA ChemChem/Bio Arms Control Joint Method /Bio Arms Control Joint Method 
Working GroupWorking Group

•• Homeland Defense:Homeland Defense:

–– Center for Disease Control (CDC)Center for Disease Control (CDC)

–– State/Regional Public Health LaboratoriesState/Regional Public Health Laboratories
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